Analytical methods
All chemicals were purchased from Sigma-Aldrich Chemicals (Darmstadt, Germany) and Alfa Aesar (Ward Hill, MA) and were used without further purification. 1 H and 13 C NMR spectra were recorded on a Varian VNMRS spectrometer (600 MHz for 1 H, 150.9 MHz for 13 C) equipped with a dual 5-mm inverse-detection gradient (IDPFG) probehead. Spectra were recorded in CD 3 OD or CDCl 3 at 25.0±0.1 °C and referenced to internal standard Me 4 Si. NMR spectra were processed with VNMRJ 2.2C and MestReNova software (ver. 6.1.1.). The high resolution accurate masses (HRMS) were determined with an Agilent 6230 time-of-flight mass spectrometer. Samples were introduced by Agilent 1260 Infinity LC system, the mass spectrometer was operated in conjunction with a Jet Stream electrospray ion source in positive ion mode. Reference masses of m/z 121.050873 and 922.009798 were used to calibrate the mass axis during analysis. Mass spectra were processed using Agilent MassHunter B.02.00 software.
General synthesis of 6-dezoxymorphine-6β-amines (6a-b,12) 3-O-acetyl morphine(4c) (or 3-O-acetyl dihydromorphine(4a)) (1.15 g, 3. 51 mmol) and triphenylphosphine (1.84 g, 7. 03 mmol, 2.0 eq.), phthalimide (1.3 g, 7. 03 mmol, 2.0 equiv) were dissolved in 25 mL benzene. Afterwards DIAD (1.2 ml, 6 .09 mmol, 1.74 equiv) was added dropwise. The yellowish solution was stirred for 1 hour at room temperature, then concentrated in vacuo. To the residue a solution of 7 g tartaric acid in 35 ml water was added. The solution washed with 4x20 ml diethyl ether, and the pH of aqueous phase was adjusted to 9 with concentrated NH 3 and then extracted with 4 X 25 mL chloroform. The product was dissolved in ethanol and was isolated as HCl salt.
Yield: 80-87%
The HCl salt of 6β-phthalimido derivatives (5a,5c,11) (1.39g, 3.05 mmol) was dissolved in ethanol 25 mL, and was added hydrazine monohydrate 0.6 mL, and was refluxed for 4 hours. After full completion monitored by TLC 20% acetic acid (35 mL) was added and cooled on ice bath. The white precipitate was filtered, and the solvent was evaporated under reduced pressure. The residue was basified with concentrated NH 3 , and the product was extracted with chloroform 3 X 20 mL. The combined organic layers were washed with 10 mL brine, dried over Na 2 SO 4 , filtered and the solvent was removed in vacuo.
Yield: 74-96%
Synthesis of 6-dezoxy-7,8-dihydromorphine-6-azide (7) 3-O-acetyl-dihydro-morphine (1.0 g, 3.04 mmol) and methanesulfonyl chloride (0.5 g, 0.33 ml, 4.37 mmol) were dissolved in pyridine. After full completion monitored by TLC, the solvent was evaporated under reduced pressure, the residue was basified with concentrated NH 3 , and the product was extracted with chloroform 3x20 mL. The combined organic layers were washed with 10 mL brine, dried over Na 2 SO 4 , filtered and the solvent was removed in vacuo. The product was dissolved in ethanol and was isolated as HCl salt.
Yield: 0.58 g 1.44 mmol, 47.5 % 3-O-acetly-6-mesyl-dihydromorphine (0.58 g, 1.44 mmol) was dissolved in DMF (19 mL) and sodium azide (1.16 g, 18 mmol) dissolved in water (3 mL) was added dropwise. This mixture was stirred for 24 hours at 100 C. after completion monitored by TLC, water (70 mL) was added and was extracted with chloroform 3 X 20 mL. The combined organic layers were washed with 10 mL brine, dried over Na 2 SO 4 , filtered and the solvent was removed in vacuo. The product was crystallized in solution of acetone:water 3.5:2.
Yield: 255 mg, 0.72 mmol, 50.3%
General synthesis Pyridine carbonyl chloride hydrochloride
Pyridine carboxylic acid (1.00 g, 8.12 mmol 1.0 equiv) was added in thionyl chloride (4 mL) and 1 drop of DMF. This reaction mixture was refluxed for 4 hours, and the solvent was evaporated under reduced pressure, 10 mL benzene was added to the residue and then removed under reduced pressure. The crude white crystals were filtered and washed with diethyl ether (10 mL).
Yield: 85-98%, white crystals Synthesis of 6-dezoxy-7,8dihydromorphine-6β-amine (6e) 6-dezoxy-7,8-dihydromorphine-6β-azide (255 mg, 0 .72 mmol 1.0 equiv.) was dissolved in ethanol (5mL), and Raney nickel (89%) (95 mg, 1.11 mmol, 1.54 equiv.) was added. The suspension was cooled down on ice bath, then hydrazine monohydrate (98%) (0.6 mL,12.3 mmol , 17.10 equiv.) was added dropwise. This mixture was stirred at rt for 2 h then the Raney nickel was filtered on a pad of celite and washed with ethanol (5 mL). The filtrate was evaporated under reduced pressure, water (5 ml) was added and basified with 10% NH 3. The product was extracted with chloroform (3 X 5 mL).The combined organic layers were washed with brine (5 mL), dried over Na 2 SO 4 , filtered and concentrated in vacuo.
Yield: 202 mg, 0.71 mmol, 98% white solid
General synthesis of 6-β-morphinan amides (9g)
6-dezoxymorphine-6β-amines (0.88 mmol, 1 equiv.) were dissolved in dichloromethane (5 mL), triethylamine (2.9 mmol, 0.4mL) was added followed by the dropwise addition of pyridinecarbonyl choride (1.06 mmol, 150 mg, 1.2 equiv.) dissolved in dichloromethane (2 mL). This yellowish solution was stirred at room temperature for 24 h. Then the solvent was evaporated under reduced pressure, 10 mL of distilled water was added and it was basified with 10 % NH 3 to pH=9. The crude product was extracted with 3 X 10 mL chloroform. The combined organic layers were washed with brine (10 mL), and dried over Na 2 SO 4 . The solvent was removed under reduced pressure and the obtained yellowish oil was purified by column chromatography (chloroform:methanol 9:1). N-(6-deoxymorphine-6β-yl)-acyl-amide (9a-f) 6-dezoxymorphine-6β-amines (0.88 mmol, 1 equiv) were dissolved in dichloromethane (5 mL), and triethylamine (2.9 mmol, 0.4mL) was added followed by the dropwise addition of pyridinecarbonyl choride (1.06 mmol, 150 mg, 1.2 equiv.). This yellowish solution was stirred at room temperature for 24 h. Then the solvent was evaporated under reduced pressure, and the residue was dissolved in methanol (5 mL). Then K 2 CO 3 (244 mg, 1.76 mmol, 2.0 equiv.) was added to the solution then it was refluxed for 4 h, then it was stirred overnight at room temperature. 10 ml of distilled water was added and it was basified with 10 % NH 3 to pH=9. The crude product was extracted with 3 X 10 mL chloroform. The combined organic layers were washed with brine (10 mL), and dried over Na 2 SO 4 . The solvent was removed under reduced pressure and the obtained yellowish oil was purified by column chromatography (chloroform:methanol 9:1). 1 Hz, 1H, 1H, 4.63 (d, J = 7.8 Hz, 1H, 3.92 (ddd, J = 12.7, 7.7, 4.9 Hz, 1H, 1H, 1H), 1.62 (dt, J = 13.5, 3.3 Hz, 1H), 1.55 (td, J = 13.2, 3.3 Hz, 1H), 1.44 (dd, J = 12.3, 3.0 Hz, 1H), 1.30 (s, 1H) . 13 C (150 MHz, CD 3 OD):δ= 166.20, 149.20, 142.79, 141.91, 140.49, 131.31, 123.80, 121.81, 119.28, 116.83, 91.43, 70.46, 64.84, 62.40, 52.34, 45.85, 41.44, 29.95, 23.86, 21.09, 9.06 167.31, 151.17, 147.53, 142.47, 140.22, 135.19, 131.07, 123.79, 120.39, 118.73, 117.38, 110.34, 91.12, 71.01, 67.14, 53.45, 52.03, 47.84, 45.85, 29.71, 28.05, 23.86, 21.33 
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